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(5)  Introduction 

Receptor  tyrosine  kinases  (RTKs)  of  the  erbB  family  play  pivotal  roles  in  growth  and 
differentiation  during  normal  development  and  aberrant  activation  of  these  receptors  is 
associated  with  a  significant  number  and  variety  of  human  cancers.  In  particular,  erbB-2 
dysfunction  has  been  linked  to  about  30%  of  breast  cancers  and  these  have  a  poor  prognosis. 
Correspondingly,  great  efforts  are  being  made  to  develop  therapies  that  target  erbB  pathways. 
The  purpose  of  this  work  is  to  develop  a  vertebrate  neuregulin  antagonist  that  has  potential  use  as 
an  anti-tumor  agent  in  some  breast  cancers  that  involve  erbB-2  dysfunction.  The  rationale  for 
the  proposed  work  is  based  on  a  novel  finding  in  the  fly  system  which  shows  deletion  of  the  EGF 
domain,  or  insertion  of  the  EGF  domain  from  a  natural  inhibitor,  converts  the  fly  neuregulin, 
Vein,  into  an  antagonist  [l](and  unpublished  data).  Similar  modifications  are  being  made  in  a 
vertebrate  neuregulin  and  the  ability  of  the  factors  to  act  as  inhibitors  will  be  tested  in  vitro  and 
in  vivo. 

(6)  Body 

Three  tasks  are  described  in  the  approved  statement  of  work  and  our  progress  on  the  first 
two  tasks,  which  are  part  of  the  first  year  of  the  program,  are  described  below. 

Task  1.  To  test  the  function  of  NRG-1:  AEGF  in  cell  culture. 

•  Creation  of  an  EGF  deletion  in  NRG-1B  (months  1-2) 

•  Testing  effect  of  NRG-1:  AEGF  on  NRG-1 -activation  of  erbB  receptors  in  mouse  cells 
(months  2-10) 

•  Testing  effect  of  NRG-1 :  AEGF  on  human  breast  cancer  cell  lines  (months  10-26) 

Creation  of  an  EGF  deletion  in  NRG-1B 

Our  work  in  the  fly  system  showed  that  deletion  of  the  EGF  domain  from  the  fly 
neuregulin  converted  it  into  an  erbB  antagonist  (unpublished  data).  The  goal  here  was  to  create  a 
similar  change  in  a  vertebrate  neuregulin.  The  NRG-1AEGF  construct  was  made  according  to 
the  scheme  is  shown  in  Figure  1.  We  decided  to  also  make  a  construct  that  has  the  EGF  domain 
from  the  fly  inhibitor  called  Argos  (Aos)  as  our  work  in  the  fly  system  suggested  this  may  be  a 
more  powerful  inhibitor  than  the  EGF  deletion  factor  [l](and  unpublished  data).  The  scheme  to 
create  this  construct  (NRG-1  ::Aos-EGF)  is  also  shown  in  Figure  1. 

Testing  effect  of  NRG-1:  AEGF  on  NRG-l-activation  of  erbB  receptors  in  mouse  cells 

We  made  large  preparations  of  DNA  corresponding  to  the  two  factors  (NRG-1  AEGF  and 
NRG-1  ::Aos-EGF)  and  sent  these  to  our  collaborator  Dr.  Stern  at  Yale  medical  school.  Dr.  Stern 
transfected  COS-7  cells  with  the  DNA  constructs  and  produced  conditioned  media  containing  the 
encoded  secreted  factors.  The  activity  of  the  factors  was  assayed  in  tissue  culture  cells 
expressing  the  receptor  ErbB4.  In  this  experiment  the  ability  of  the  mutant  factors  to  inhibit 
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activation  by  native  neuregulin  was  tested.  Mouse  cells  expressing  ErbB4  were  treated  with 
neuregulin  or  neuregulin  in  conjunction  with  a  mutant  factor.  The  receptor  was 
immunoprecipitated  and  analyzed  by  western  blotting  with  an  anti-phosphotyrosine  antibody. 
The  level  of  phosphorylation  is  a  measure  of  receptor  activation.  The  results  showed  that  both 
factors  were  able  to  block  activation  of  the  receptor  by  neuregulin  (Fig.  2).  There  was  some 
variation  between  factor  preparations  but  positive  results  were  obtained  from  3/4  of  the 
preparations.  Some  variation  is  to  be  expected  given  that  the  efficiency  of  transfection  differs 
between  experiments  and  the  concentration  of  the  factor  in  any  given  preparation  was  not 
determined.  In  sum  these  results  are  very  encouraging. 

Testing  effect  of  NRG-1:  AEGF  on  human  breast  cancer  cell  lines 

We  have  obtained  and  set  up  in  culture  six  human  breast-cancer  cell  lines  (MDA-MB- 
175,  MDA-MB-468,  BT-20,  MCF7,  T47D,  and  MDA-MB-453).  We  will  test  the  effect  of 
NRG-1  AEGF  and  NRG-1  ::Aos-EGF  on  these  cancer  cells.  The  level  of  ErbB  phosphorylation 
and  growth  assays  will  be  performed  on  controls  and  cells  treated  with  the  factors.  This  work 
has  been  initiated  but  we  have  no  results  to  date. 

Task  2.  To  generate  and  analyze  the  phenotypes  of  transgenic  mice  which  express  NRG-1; 
AEGF  in  heart  and  breast. 


•  Creation  of  NRG-1 :  AEGF  transgene  for  expression  in  early  embryos  (months  10-1 1) 

•  Generation  and  phenotypic  analysis  of  NRG-1 :  AEGF  transgenic  mice  (months  1 1-24) 

•  Creation  of  NRG-1:  AEGF  transgene  for  expression  in  breast  (months  15-16) 

•  Generation  and  phenotypic  analysis  of  MMTV  NRG-1:  AEGF  transgenic  mice  (months 
16-32) 

Creation  of  NRG-1:  AEGF  transgene  for  expression  in  early  embryos 

We  proposed  to  test  the  ability  of  the  mutant  neuregulins  to  function  as  dominant 
negative  proteins  that  mimic  loss  of  function  phenotypes  seen  in  neuregulin  knockout  mice.  To 
do  this  we  had  to  first  make  a  construct  suitable  for  generating  transgenic  mice  that  express  the 
gene  in  the  heart.  This  turned  out  to  be  a  much  more  complex  construction  than  was  anticipated. 
However,  we  have  been  successful  and  have  in  fact  generated  two  such  constructs,  for  the 
reasons  stated  above  we  made  an  additional  construct  with  the  EGF  domain  from  Argos.  The 
scheme  depicting  the  construction  is  shown  in  Figure  3. 

Generation  and  phenotypic  analysis  of  NRG-1:  AEGF  transgenic  mice 

Large-scale  preparations  of  pMHC  NDFAEGF  polyA  and  pMHC  NDF:AOS  polyA  were 
made  and  digested  to  release  the  gene  fragment  (Fig.  4).  The  digests  were  run  on  a  gel  and  the 
correct  gel  slices  were  delivered  to  the  mouse  facility.  The  injections  will  be  performed  in 
August  2000. 
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(7)  Key  Research  Accomplishments 

•  Generation  of  constructs  for  in  vitro  and  in  vivo  testing  of  mutant  neuregulins 

•  Demonstration  that  NRG-1AEGF  and  NRG-1  ::Aos-EGF  can  function  as  competitive 
inhibitors  of  native  neuregulin. 

(8)  Reportable  Outcomes 

-  Research  opportunity  for  a  graduate  student  (Jonathan  Butchar) 

(9)  Conclusions 

This  has  been  a  successful  first  year  and  we  have  accomplished  the  tasks  as  set  out  in  the 
statement  of  work.  Two  lengthy  DNA  constructions  have  been  successfully  completed  (Figs. 
1&3)  and  the  first  test  of  the  mutant  factors  produced  very  encouraging  results  (Fig.  2).  Given 
these  accomplishments  we  will  continue  with  the  tasks  as  described  in  the  original  proposal.  In 
the  near  future  we  will  have  a  clearer  idea  as  to  whether  the  mutant  neuregulins  function  in  the 
whole  animal  and  whether  the  inhibitory  effects  seen  in  mouse  cells  also  translate  to  human 
breast  cancer  cells. 

(10)  References 

1.  Schnepp,  B.,  et  al.,  EGF  domain  swap  converts  a  Drosophila  EGF -receptor  activator 
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constructs 


Figure  1.  Creation  of  the  pHM-1  constructs.  Rat  NRG-1  was  excised  from  pJT-2  with  a 
Notl  /  Sail  digest  and  inserted  into  pSRa72  to  create  pHM-1 .  The  NRG-1  AEGF  fragment  was 
created  by  excising  the  EGF  domain  via  a  Bglll  digest.  The  NRG-1  ::AOS  fragment  was  created 
by  inserting  the  Drosophila  Argos  EGF  domain  into  the  Bglll  site. 
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Figure  2.  NRG-1EGF  and  NRG-l::Aos-EGF  inhibit  the  ability  of  native  neuregulin  to  induce  phosphorlation  of 
ErbB4.  Mouse  cells  expressing  ErbB4  were  exposed  to  neuregulin  (NRG)  or  neuregulin  in  combination  with  the  mutant  factors 
NRG-1_EGF  (NRG  +  NRG_EGF)  or  NRG-l::Aos  (  NRG  +  NRG::AosEGF).  The  volume  of  conditioned  medium  containing 
neuregulin  added  to  the  cells  was  either  25ul  or  50  ul.  The  volume  of  conditioned  medium  with  mutant  factors  was  kept 
constant.  ErbB4  was  immunprecipitated  subjected  to  SDS-PAGE  followed  western  blotting  with  anti-phosphotyrosine.  The 
arrow  indicates  the  position  of  ErbB4.  The  intensity  of  the  band  indicates  the  degree  of  phosphorylation.  The  intensity  of  the 
bands  seen  after  stimulation  with  neuregulin  (NRG)  was  reduced  by  co-incubation  with  conditioned  media  containing  the  mutant 
factors.  In  this  experiment  NRG- 1 : :  Aos-EGF  appeared  to  be  a  more  potent  inhibitor. 
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Figure  3-1.  Isolation  of  the  NRG-1  and 
polyA  fragments,  (top)  The  Xhol  restriction 
sites  of  the  pHM-1  constructs  were  brought 
to  the  5'  end  of  the  NRG-1  fragments  via  an 
Xhol  /  Notl  digest  and  religation.  The  NRG-1 
fragments  were  then  excised  with  an  Xhol  /  Sail 
digest,  (bottom)  A  BamH  I /Sail  linker  was 
placed  at  the  5'  end  of  a  modified  pCGN,  and 
the  polyA  fragment  excised  via  a  Sail  /  Xhol 
digest. 
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Figure  3-2.  Creation  of  the  intermediate  mouse  constructs.  The  polyA  fragment  excised  from 
pCGN  was  inserted  into  the  Sail  site  of  pSP72,  and  the  NRG-1 AEGF  fragment  was  then  placed 
into  the  Xhol  site.  An  Xhol  /  Sail  digest  was  performed  to  excise  the  NRG-1AEGF  fragment 
and  the  NRG-1  ::AOS  fragment  was  then  inserted. 
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Figure  3-3.  Creation  of  the  final  mouse  constructs.  The  NRG-1  /  polyA  fragments  were 
excised  with  Xhol  /  Kpnl  digests  and  placed  at  the  3’  end  of  the  pMHC  a-MHC  promoter. 
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DNA  Preparation  for 
mouse  injections. 
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Figure  4.  Preparation  of  DNA  for  mouse  injections.  The  fragments  were  excised  via  Notl  /  Kpnl 
digests  and  purified  on  a  0.6%  agarose  gel.  Slices  containing  the  target  fragments  were  removed, 
weighed,  and  sent  to  the  transgenic  mouse  facility. 
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